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Abstract: The LiteSteel Beam (LSB) is a new cold-formed hollow flange channel section 
developed by OneSteel Australian Tube Mills using their patented dual electric resistance 
welding and automated continuous roll-forming process. It has a unique geometry consisting 
of torsionally rigid rectangular hollow flanges and a relatively slender web. In addition to 
this unique geometry, the LSB sections also have unique characteristics relating to their 
stress-strain curves, residual stresses, initial geometric imperfections and hollow flanges that 
are not encountered in conventional hot-rolled and cold-formed steel channel sections. An 
experimental study including 20 section moment capacity tests was therefore conducted to 
investigate the behaviour and strength of LSB flexural members. The presence of inelastic 
reserve bending capacity in these beams was investigated in detail although the current 
design rules generally limit the section moment capacities of cold-formed steel members to 
their first yield moments. The ultimate moment capacities from the tests were compared with 
the section moment capacities predicted by the current cold-formed and hot-rolled steel 
design standards. It was found that compact and non-compact LSB sections have greater 
moment capacities than their first yield moments. The current cold-formed steel design 
standards were found to be conservative in predicting the section moment capacities of 
compact and non-compact LSB sections while the hot-rolled steel design standards were able 
to better predict them. This paper has shown that suitable modifications are needed to the 
current design rules to allow the inclusion of available inelastic bending capacities of LSBs 
in design. 
  
Keywords: LiteSteel beam, Flexural members, Section moment capacity tests, Cold-formed 
steel structures, Hollow flanges, Slender web. 
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1. Introduction 
The use of cold-formed high strength steel products in building construction has 
significantly increased in recent years. Although cold-formed steel members are considered 
to be more cost efficient than hot-rolled steel members, they suffer from many complex 
buckling modes and their interactions because they are usually slender sections that are 
either unsymmetric or singly symmetric. Therefore advanced cold-formed sections, called 
the Hollow Flange Sections (HFS), were introduced by OneSteel Australian Tube Mills 
(OATM) as alternative and improved sections to replace the conventional cold-formed C- 
and Z- sections and smaller hot-rolled I- and channel sections [1]. These sections are made 
of two torsionally rigid closed flanges and a slender web using OATM’s patented dual 
electric resistance welding and automated continuous roll-forming process. Their unique 
geometry and light weight make them more efficient than hot-rolled steel members.  
 
The first HFS developed by OATM is known as the Hollow Flange Beam (HFB) shown in 
Figure 1 (a). Although this section was discontinued by late 1990s, OATM has since 
improved their manufacturing process and capacity to develop other innovative HFS. Figure 
1 (b) shows the second HFS developed during early 2000s, known as the LiteSteel beam 
(LSB). The high strength steel material used for LSBs is DuoSteel grade with nominal flange 
and web yield stresses of 450 and 380 MPa, respectively. Although the base steel has a yield 
stress of 380 MPa, cold-forming process improves the yield stress of LSB flanges to 450 
MPa. Currently there are 13 LSB sections with their depths in the range of 125 mm to 300 
mm while the width of the hollow flange varies from 45 mm to 75 mm. The thickness of 
steel used for the beams varies from 1.6 mm to 3.0 mm. Table 1 shows the section 
dimensions for the range of commercially available LSB sections [2].  
 
The LSBs are commonly used as flexural members in a range of applications such as floor 
bearers, joists, rafters and purlins in residential, industrial and commercial buildings. 
However, the structural performance of LSB flexural members is not fully understood. The 
unique cold-forming and dual electric resistance welding process of LSB sections introduces 
considerable differences in the stress-strain curves, residual stresses and initial geometric 
imperfections between them and the conventional hot-rolled and cold-formed steel sections. 
The monosymmetric characteristics of the LSBs are not present in the conventional I-section 
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beams. Therefore a detailed research program was undertaken to investigate the structural 
behaviour of LSB flexural members. It was found that LSBs with intermediate and long 
spans were subjected to lateral distortional and lateral torsional buckling, respectively, while 
short span LSBs exhibited local buckling and yielding. Lateral buckling behaviour and 
strength of LSBs was investigated first by using laboratory experiments and the results 
including suitable design rules are given in [3]. It is important that the section moment 
capacities and their plastic bending behaviour of the LSBs are also investigated including the 
applicability of the current steel design standards. Although the plastic bending strength and 
behaviour of conventional rectangular and square hollow sections have been extensively 
investigated [4-6], the results from these studies are of limited use to LSB sections. 
Therefore an experimental study was conducted on the structural behaviour and strength of 
short span and/or fully laterally restrained LSB flexural members subject to local buckling 
and yielding effects.  
 
Twenty section moment capacity tests of the available 13 LSBs were conducted in this 
study. Simply supported LSBs were tested to failure using a four-point loading method. The 
presence of inelastic reserve bending capacity in these beams was investigated in detail 
although the current Australian and North American cold-formed steel structures design 
rules [7,8] limit the section moment capacities of cold-formed steel members to their first 
yield moments. This paper presents the details of the section moment capacity tests and their 
results, compares the experimental section moment capacity results with corresponding 
predictions from the current cold-formed and hot-rolled steel design standards [7-9], and 
makes appropriate recommendations. 
2. Experimental Investigation 
2.1. General  
The section classification of all the available LSBs was determined first based on the 
Australian steel structures code AS 4100 [9] (Table 2). It was based on the plate slenderness 
calculations for LSBs based on the measured dimensions and yield stresses and nominal 
rounded corners. In Table 2, S denotes slender sections, which are subjected to elastic local 
buckling effects and hence their section moment capacities are limited to their first yield 
moment. Compact sections denoted as C are not subjected any elastic local buckling effects 
and hence their section moment capacities are likely to reach their full plastic moment 
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capacities. Non-compact sections are represented by NC in Table 2, which are subjected to 
inelastic local buckling effects, and hence their section moment capacities are likely to be 
between their first yield and full plastic moment capacities. According to Table 2 results and 
AS 4100 design rules, many LSBs are likely to have considerable inelastic reserve strength 
in bending. Although AS 4100 design rules are not applicable to the cold-formed LSBs, the 
AS 4100 section classification method was used for LSBs since AS/NZS 4600 design rules 
do not allow any inelastic reserve bending strength for cold-formed steel beams in general, 
and limit their section moment capacities to their first yield moments. Unlike the 
conventional C- or Z-sections, LSBs are likely to have inelastic reserve bending strength. 
Hence the experimental study reported in this paper was aimed at investigating the behaviour 
and section moment capacities of LSBs subject to both elastic and inelastic local buckling 
effects and yielding.  
 
2.2. Test Specimens  
Two series of tests were conducted in this study. Test Series 1 included 13 tests of all the 
available LSBs while Test Series 2 considered seven tests, which were conducted to verify 
the results of Test Series 1 as the quality of the LSB manufacturing process in relation to 
cold-forming and electric resistance welding has improved recently. Details of specimens 
used in Test Series 1 and 2 are given in Tables 3 and 4, respectively. For each test series, a 
series of tensile coupon tests was undertaken to determine the mechanical properties of the 
three important LSB plate elements, web, inside and outside flanges. 
 
The beam dimensions of depth (d), flange width (bf) and flange depth (df), and the 
thicknesses of LSB plate elements, were measured using a vernier calliper and a micrometer 
for each beam before testing. A small change in plate thickness can cause significant 
changes to the section properties of LSBs. Hence the LSB plate thicknesses were also 
accurately measured during the tensile coupon tests after removing the coating. Tables 3 and 
4 present the measured dimensions of LSBs used in the section moment capacity tests and 
the base metal thicknesses of LSB plate elements from the tensile coupon tests. Since the 
sizes of small corners were difficult to measure, the nominal corner dimensions provided by 
the manufacturers were used, i.e. the outer radius ro is equal to twice the thickness (2t) and 
the inner radius riw is equal to 3 mm. 
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2.3. Mechanical Properties, Initial Imperfections and Residual Stresses 
Accurate stress-strain curves including the basic mechanical properties of steels used to 
make LSBs are essential in predicting their moment capacities. The LSBs used in Test Series 
1 were manufactured from a single strip of TF380 coil while the currently available LSB 
sections as used in Test Series 2 are made from a single strip of G60 galvanized steel. The 
mechanical properties of LSBs used in both test series were measured using standard tensile 
tests of more than 100 coupons taken from LSBs in the longitudinal direction from three 
locations of LSBs, namely their outside flange, inside flange and web elements.  
 
The ultimate tensile stress (fu) was the maximum stress obtained from the stress-strain curve 
while the yield stress (fy) was calculated based on the 0.2% proof stress in the absence of a 
well defined yield plateau (flange elements). Average test yield and ultimate tensile stress 
results derived based on the measured base metal thicknesses are summarised in Table 5 
while the typical stress-strain curves for the web and flange elements are given in Figure 2. 
Test results showed that the measured yield stresses (fy) exceed the nominal web and flange 
yield stresses of 380 and 450 MPa. They varied depending on the thickness and LSB section. 
The average yield stresses of the outside and inside flanges and web were 520, 465 and 412 
MPa in the case of Test Series 1 whereas they were 548, 494 and 448 MPa in Test Series 2. 
The modulus of elasticity (E) was also determined from the tensile coupon tests. The 
difference in E values between the two test series was small and the average values were 207 
GPa for flange elements and 205 GPa for web elements. 
 
Higher yield stresses and the lack of a yield plateau in the stress-strain curve of flange 
elements indicate the higher level of cold-working in the flanges. However, the average 
percentage elongation at failure based on a 50 mm gauge length was found to be about 20, 
27 and 31% for outside flange, inside flange and web elements, respectively. The average 
ultimate tensile stress to yield stress ratios of flange and web elements of LSBs varied from 
1.08 (outside flange elements) to 1.25 (web elements). During the tensile coupon tests, grid 
measurements at 5 mm were also used to evaluate the ductility parameters of total, local and 
uniform elongations. These results reported in [10] show that uniform elongation occurs in 
each 5 mm gauge length with more gradual increase in elongation for gauge close to fracture 
and have adequate elongation capability. All of these observations and measurements 
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confirm that the steel used to make LSBs comply with the requirements in AS/NZS 4600 
[7]. 
 
The magnitudes of initial geometric imperfections were measured for each test specimen 
using a specially designed device based on a moving laser sensor [10]. These measurements 
showed that the local plate imperfections are within the manufacturer’s fabrication tolerance 
limits [2] while the overall member imperfections are less than the limit of span/1000 given 
in [9].  
 
The residual stress measurements of LSBs based on a sectioning method showed that the 
LSBs have not only flexural residual stresses but also membrane residual stress due to the 
use of a combined cold-forming and electric resistance welding process. The maximum 
flexural residual stresses were observed in the outside flange elements. Idealised residual 
stress distributions were proposed for the membrane and flexural residual stresses in LSBs, 
and their details can be found in [3,10].  
2.4. Test Set-Up and Procedure  
The section moment capacities of LSBs were determined based on four-point bending tests 
of a pair of LSBs connected back to back with web plate stiffeners at the loading and support 
locations. This allowed the use of a symmetric and convenient test set-up and loading 
arrangement. Figure 3 shows the schematic diagram of the four point bending test 
arrangement used in this study. 
 
Test beam dimensions “a” and “b” were selected so that lateral and shear buckling modes 
were eliminated in the tests. Preliminary tests revealed that shear buckling is likely to occur 
in the test section between the loading and support locations if the dimension “a” is too 
small. Therefore the dimension “a” was chosen to be equal to or greater than dimension “b” 
although the critical segment where a uniform bending moment occurs is segment “b”. In 
Test Series 1, the dimensions of ‘a’ and ‘b’ were the same and equal to 1085 mm (span = 
3255 mm) for Test Nos. 1 to 8, and were 800 mm (span = 2400 mm) for Test No.9 and 500 
mm (span = 1500 mm) for Test Nos.10 to 13. Table 6 presents these dimensions for test 
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T – shaped steel plate stiffeners were used to connect the LSBs back to back and to support 
and transfer the loads to the test beams. Steel plates with the same height as the LSB web 
element were also attached to the test beam on both sides of the web to avoid any relative 
movement between LSBs. All the plates and T-stiffeners were connected to the web of the 
test specimens by using 18 mm diameter bolts with a vertical spacing of 100 mm 
symmetrically from the centreline and a horizontal spacing of 45 mm. However, the vertical 
bolt spacing was limited to 45 mm for 200x45x1.6 LSB, 150x45x2.0 LSB and 150x45x1.6 
LSB due to their smaller web depths. The use of back to back LSBs with T-shaped stiffeners 
allowed the load to be applied to the LSB web elements and avoided web crippling failures 
and eccentric loading. Similar test arrangements were used in both test series, but a universal 
testing machine was used to apply the loading in the first test series.  Figures 4 (a) and (b) 
show the overall view of the test set-up used in Test Series 1 and 2, respectively. 
 
The top compression flange of the test beam was laterally restrained by placing large LSB 
members on either side as shown in Figure 4 (b). Frictionless bolts were placed between 
these large LSBs (lateral restraints) and the compression flange of the test beam in order to 
restrain any lateral movement of the compression flanges while allowing the test beam to 
move vertically. A similar arrangement was also used in Test Series 1. 
 
Test specimens were supported on half rounds placed upon ball bearing as shown in Figure 
5. The bottom surfaces of the half rounds and alloy balls were machine ground and polished 
to a high degree of smoothness, and smooth ball bearing surfaces were lubricated to further 
facilitate the sliding of the half rounds on the ball bearing when the beam deflected under 
load. The ends of the test beam were free to rotate upon the half rounds. Thus it was 
considered that simply supported conditions were simulated accurately at the end supports.  
 
The simply supported LSB specimens were tested by loading them symmetrically at two 
points through a spreader beam that was loaded centrally by a universal testing machine in 
Test Series 1 and by an Enerpac hydraulic ram and pump in Test Series 2. This four-point 
bending arrangement provided a central region of uniform bending moment and zero shear 
force. During the tests, the applied load, the vertical deflections at mid-span and loading 
points and the longitudinal strains in the top and bottom flanges at mid-span were measured 
until specimen failure. Figures 4 (a) and (b) show the details of load application and 
deflection measurement methods used in the experiments.   
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3. Test Results and Discussion  
The applied bending moment was calculated by multiplying the measured applied load by 
the distance between the support and the loading point. Typical moment versus deflection 
curves are shown in Figures 6 to 8 while typical moment versus longitudinal strain curves 
are presented in Figure 9.  
 
All the specimens failed by local buckling of the top compression flange at mid-span near 
the maximum load that was followed by a rapid unloading and increased deflection. Local 
web buckling was also observed soon after flange local buckling. Elastic buckling of flanges 
was not observed in any tests as the flange elements of all the LSBs were either compact or 
non-compact as shown in Table 2.  Figures 6 to 8 show the moment versus mid-span 
deflection curves for compact, non-compact and slender LSBs, respectively. For the compact 
section (150x45x2.0 LSB), the moment versus deflection curve included a long horizontal 
plateau after the ultimate moment was reached as shown in Figure 6. This was as expected 
for a compact section. For non-compact section (300x75x3.0 LSB), the plateau was not 
significant as shown in Figure 7 while for slender section (200x45x1.6 LSB), the load 
decreased suddenly with increasing deflection after failure as shown in Figure 8. Similarly, 
Figures 9 (a) and (b) show that compact LSBs reached very high compressive and tensile 
longitudinal strains in their flanges at failure (>8000 microstrain) while slender LSBs were 
not able to reach such large strains (<4000 microstrain). The good agreement of the expected 
moment versus deflection and strain curves for compact, non-compact and slender LSB 
sections confirms the accuracy of the experimental study in relation to loading method and 
measurements. Typical local buckling failures observed in the tests are shown in Figures 10 
(a) and (b). 
 
The moment-deflection/strain curves in Figures 6 to 9 show that the initial response of the 
beams was linear. In theory, nonlinearity commences with the commencement of yielding, 
ie. when the moment reaches the first yield moment. In practice yielding may be initiated 
before the ideal first yield point because of the high residual stresses that are present in the 
sections due to the cold-forming process used [4]. However, the extent to which the residual 
stresses affected the flexural behaviour of LSB sections should be further investigated. 
Available results show that the first yield of LSB sections occurred at about 0.75 - 0.82 of 
the theoretical first yield moment. 
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There was no sudden unloading associated with lateral deflection while no specimen failed 
due to insufficient material ductility. Although the failure modes of tested specimens were 
similar, there were some differences in the way the failure occurred. For compact LSB 
sections, large flange deformations and yielding occurred at moments closer to the failure 
moment. For non-compact sections, yielding and large flange deformations appeared to 
occur earlier while for slender sections, local web buckling occurred, which was followed by 
large flange deformations and yielding. Following the departure from elastic linearity, the 
applied bending moment continued to increase upon further application of load. This is 
because of strain hardening and inelastic reserve capacity of the sections. Most of the 
moment-deflection curves show a plateau associated with increasing large deflection except 
for 200x45x1.6 LSB, which is a slender section. There was no welding failure in Test Series 
2 although there was a weld failure in Test Series 1 for 200x45x1.6 LSB. This confirms that 
the welding strength of the new LSB sections is adequate.  
 
The ultimate moment capacities (Mu) of LSB specimens in Test Series 1 and 2 are given in 
Tables 7 and 8, respectively. In these tables, the elastic and plastic section modulii (Z and S) 
of the tested LSB sections and the corresponding first yield and plastic moment capacities 
(My and Mp) are also given. The section properties of tested beams were calculated by using 
a finite strip analysis program, Thin-Wall, based on their measured dimensions. The LSB 
rounded corners were not measured and hence their nominal sizes were used in these 
calculations. The measured outer flange yield stresses (fy) given in Table 5 were used in 
calculating the moment capacities. The ultimate moment capacities from tests are also 
presented as ratios of My in Tables 7 and 8, which indicate that most of the LSB sections 
have considerable inelastic reserve bending capacity. The next section compares these results 
with the section moment capacities predicted by the current design rules. 
 
4. Comparison of Ultimate Moment Capacities from Tests and Current Design 
Rules 
4.1.   Design Rules based on Cold-formed Steel Structures Standards 
 
The section moment capacity (Ms) of a cold-formed steel section is usually based on the 
initiation of yielding in the extreme compression fibre in the Australian cold-formed steel 
structures standard AS/NZS 4600 [7]. Effects of local buckling are accounted for by using 
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the effective widths (be) of slender elements in compression in the calculation of effective 
section modulus (Ze) (Equation 1). This accounts for the reduction in the strength due to 
local buckling effects with increasing member slenderness. The section moment capacity 
(Ms) is given by Equation 1, where fy is the yield stress. 
 
 Ms = fy Ze (1) 
 
The procedure to determine the effective widths of stiffened elements in LSBs for their 
moment capacity calculations is given by the following equations.    
 
 For  λ ≤ 0.673 :  be = b (2a) 
 
 For  λ > 0.673:    be = ρb (2b) 
     







   (3) 








  (4) 
where 
 λ = plate slenderness  
 k = plate buckling coefficient  
 b = flat width of element excluding radii 
 t = thickness of the uniformly compressed stiffened elements 
 f* = design stress in the compression element  
 
The plate element slenderness (λ) is a function of the applied stress (f*) and was determined 
for each stiffened plate element in LSB. The stress f* in each element is based on a linear 
bending stress distribution with a maximum stress equal to the outside flange yield stress at 
the extreme compression fibre. The plate buckling coefficient k was based on the stress ratio 
for each stiffened element. For example, it is equal to 4 and 24 for the outside compression 
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The section moment capacities of tested LSBs were calculated based on the AS/NZS 4600 
design method described above. It is noted that the design provisions in the North American 
Specification [8] are identical to those of AS/NZS 4600 [7] and hence the comparisons and 
findings are the same for both design codes. It was found that the effective width is equal to 
the actual width for all the elements of 13 LSBs sections when their rounded corners are 
included. The full section modulus (Z) can therefore be used to calculate the section moment 
capacity. Therefore the section moment capacity Ms is equal to the first yield moment My for 
all the currently available 13 LSBs when their rounded corners are included. The full elastic 
section modulus values based on measured dimensions and rounded corners were obtained 
from Thin-Wall (Tables 7 and 8) while the measured outer flange yield stress was considered 
as fy in Equation 1. Details of these calculations and the results are given in [11].  
 
Tables 9 and 10 present the section moment capacities (Ms) based on AS/NZS 4600 [7], the 
ultimate moment capacities from experiments (Mu) and their ratios (Mu /Ms) for Test Series 1 
and 2, respectively. As seen in these tables, the experimental ultimate moment capacities of 
all the test specimens exceeded the section moment capacities predicted by AS/NZS 4600 
[7] except for 300x60x2.0 LSB. The average Mu/Ms ratio of compact sections is 1.19, while 
it is 1.14 and 0.99 for non-compact and slender sections, respectively. Since AS/NZS 4600 
[7] does not allow the inelastic reserve bending capacity and considers only the first yield 
moment capacities, it leads to conservative predictions for compact and non-compact LSB 
sections. However, it was able to predict the capacities of slender LSBs reasonably well. As 
observed in the tests, there was considerable moment capacity beyond the first yield point 
for compact and non-compact sections. In the case of compact sections, the average Mu/My 
ratio of 1.19 is very close to the average Mp/My ratio reported in Tables 7 and 8, which 
indicates that compact LSB flexural members are capable of achieving their plastic moment 
capacities. The test results for the non-compact LSB sections as defined based on AS 4100 
also indicate that their ultimate moment capacities are between their first yield and plastic 
moment capacities. 
 
Clause 3.3.2.3 of AS/NZS 4600 states that the inelastic reserve capacity may be used subject 
to four conditions. Two of them are: the effect of cold-forming is not included in 
determining the yield stress (fy); the ratio of the depth of the compressed portion of the web 
to its thickness does not exceed the slenderness ratio λ1 defined as 1.11/(fy/E)1/2. Currently 
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available LSBs do not satisfy both these conditions. Hence the available inelastic reserve 
capacity was not included in the calculations for LSBs. In relation to the first condition, if an 
increased yield stress (fya) based on Clause 1.5.1.2 has already been used to include the 
effect of cold-forming, the inelastic reserve capacity cannot be used. However, Clause 
1.5.1.2 refers to strength increase resulting from cold-forming in relation to cold-working of 
the corners (bends) of cold-formed sections. The section moment capacities of LSBs are 
currently not based on the basic yield strength of 380 MPa, ie. the yield strength of parent 
steel plate. Instead it is based on a higher flange yield stress of 450 MPa that includes the 
benefit of significant cold-working of hollow flange elements, and not due to that of corners 
as stated in Clause 1.5.1.2. The rectangular and square hollow sections (RHS and SHS) are 
manufactured using a very similar method to that of LSBs, and their inelastic reserve 
bending capacities are calculated using AS 4100 [9] based on the increased yield stress 
enhanced by cold-working of their flange elements. Hence it is possible to use the available 
inelastic reserve capacity of LSBs although it does not satisfy the first condition of Clause 
3.3.2.3. In relation to the second condition relating to web slenderness, Clause 3.3.2.3 
appears to be quite restrictive as λ1 value for LSB sections is only about 23.4 (when a yield 
stress of 450 MPa is used). However, it is not sufficient to conclude about the presence of 
inelastic reserve bending capacity based on experimental results alone. Further investigation 
based on finite element analyses is needed to determine the level of inelastic reserve bending 
capacity available in LSBs.  
 
Both test series show that 300x60x2.0 LSB was unable to reach its first yield moment with 
Mu/Ms ratios of 0.89 and 0.93 as it is the most slender section with very deep web element 
among the available 13 LSBs. Tests also showed that 300x60x2.0 LSBs exhibited flange and 
web local buckling due to the presence of a slender web element. These observations are as 
predicted by AS 4100 [9] for this slender section according to its classification. However, 
AS/NZS 4600 [7] predicted that 300x60x2.0 LSB section will reach its first yield moment, 
ie. Ms is equal to My, and hence the Mu/Ms ratio becomes less than 1.0 for 300x60x2.0 LSB. 
This implies that AS/NZS 4600 is unconservative in predicting the section moment 
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Based on the section moment capacity test results from Test Series 1 and 2, it is concluded 
that AS/NZS 4600 [7] and NAS [8] design rules are conservative for compact and non-
compact LSB sections while they predict the section moment capacities of slender LSB 
sections reasonably well. 
 
Eurocode 3 Part 1.3 design rules for cold-formed steel structures [12] were also considered. 
However, they only allow the basic yield strength to be used in the section moment capacity 
calculations, ie. 380 MPa instead of 450 MPa for LSBs. This led to lower predictions in 
comparison with test capacities of all the LSB sections. 
 
4.2.   Design Rules based on Hot-rolled Steel Structures Standards 
 
The section moment capacity (Ms) is defined in the Australian steel structures code AS 4100 
[9] as follows: 
 eys ZfM   (5) 
The effective section modulus (Ze) allows for the effects of local buckling. The section 
moment capacity (Ms) of a section is governed by the compactness of its plate elements and 
is given by Equations 6 (a) to (d): 
 
For  λe ≤ λep : (Compact Sections) Ze = Zc (6a) 
For λep < λe ≤ λey: (Non-Compact Sections)  ey ee c
ey ep
Z Z Z Z  
         (6b) 








  (6c) 






  (6d) 
where 
 λe  = plate element slenderness 
 λey = plate element yield limit (Table 5.2 of AS 4100) 
 λep = plate element plasticity limit (Table 5.2 of AS 4100) 
 Z  = full elastic section modulus  
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The element with the greatest ratio λe/λey is to be used in calculating the effective section 
modulus (Ze). The plate element slenderness (λe) is given by Equation 7 while the 
slenderness limit for cold-formed and lightly welded (CF/LW) elements was considered to 







b  (7) 
where b is the clear width of the element, t is the thickness and fy is the yield stress. 
 
The section moment capacities of tested LSBs were calculated using Equations 5 to 7. The 
section properties based on the measured dimensions given in Tables 3 and 4 and the 
measured outer flange yield stresses given in Table 5 were used in these calculations. They 
are then compared with the ultimate moments from Test Series 1 and 2 in Tables 11 and 12, 
respectively. 
 
Comparisons in Tables 11 and 12 show that AS 4100 design rules are able to better predict 
the section moment capacities of LSBs than AS/NZS 4600 and NAS design rules. This is 
because they allow the inelastic reserve bending strength present in LSBs. Most of the 
compact LSB sections defined based on AS 4100 plate slenderness limits are able to reach at 
least 97% of their plastic moment capacities (Mp) while in some cases they exceeded the 
calculated Mp values. For non-compact LSB sections, their section moment capacities were 
between their yield and plastic moment capacities as seen in Tables 7 and 8. None of the 
LSB sections are slender based on AS/NZS 4600, and hence it predicts a section moment 
capacity equal to My. On the other hand, some of them are slender based on AS 4100 design 
rules. However, test results show that only 300x60x2.0 LSB and 200x45x1.6 LSB were not 
able to reach the first yield moment, ie. slender sections. This implies that AS4100 plate 
slenderness limits may be conservative.  
 
From the above comparisons of section moment capacities of LSBs, AS 4100 design rules 
are more suited for predicting the section moment capacities of LSBs. However, in principle, 
they cannot be used for LSBs as they are cold-formed sections. Further research is being 
undertaken using numerical studies to determine whether inelastic reserve bending capacities 
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available in LSBs and other cold-formed steel sections can be included in design as for hot-
rolled steel sections. 
 
The inelastic reserve bending strength of cold-formed steel sections was first investigated by 
Reck et al. [13]. Their test results showed that cold-formed steel sections did not achieve 
higher inelastic bending capacities like the hot-rolled steel sections due to the inability of 
cold-formed sections to sustain high compressive strains. Yener and Pekoz [14,15] 
developed design rules to determine the inelastic bending capacity based on the 
recommended ratio of compressive strain to yield strain (Cy) as a function of the b/t ratio of 
compression elements. These design rules have been adopted in AS/NZS 4600 [7] and NAS 
[8]. However, they were not used for LSBs as most cold-formed steel sections do not meet 
the two conditions including the web slenderness limit. The presence of reduced inelastic 
bending capacity in cold-formed steel beams in comparison to hot-rolled steel beams is 
considered to be due to higher web to flange area, unsymmetric sections resulting in first 
yield occurring in the tension flange and the inability of cold-formed steel sections to sustain 
high compressive strains [13]. However, the LSBs despite being cold-formed, do not have 
the above shortcomings as they are not the conventional open cold-formed sections. The 
presence of rectangular hollow flanges eliminates the above problems and hence appears to 
lead to higher inelastic bending capacities in the case of compact and non-compact LSB 
sections. Figure 9(a) shows that compact LSB sections are able to sustain compressive 
strains equal to more than three times the yield strain, which is the highest compressive 
strain specified by AS/NZS 4600 and NAS for considering inelastic bending strength. Based 
on all of these observations, it is feasible that the available inelastic bending capacities can 
be used for LSBs following further detailed numerical studies. Suitably modified design 
rules are needed for this purpose within the current cold-formed steel design standards. 
 
5. Conclusions 
This paper has presented the details of an experimental investigation of the section moment 
capacities of cold-formed and electric resistance welded LiteSteel beam sections and the 
results. Twenty section moment capacity tests were carried out using a four point loading 
arrangement. Typical bending moment versus vertical deflection and longitudinal strain 
curves from these tests are presented. The ultimate moments attained by each test specimen 
is listed and compared with design capacity predictions from the current cold-formed and 
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hot-rolled steel design standards. Compact and non-compact LiteSteel beam sections were 
found to have greater moment capacities than their first yield moments. The cold-formed 
steel structures standards are more conservative in predicting the section moment capacities 
of compact and non-compact LSB sections as they do not allow the use of available inelastic 
bending capacity in cold-formed steel sections. This research has shown that the available 
inelastic bending capacities in cold-formed LiteSteel beams can be included in design as for 
hot-rolled steel beams. Suitably modified design rules are needed within the cold-formed 
steel design standards for this purpose. 
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(b) Test Series 2 
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 (a) 150x45x2.0 LSB 
 
(b) 200x45x1.6 LSB 
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(b) Flange and Web Local Buckling 
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d x bf x t  
mm  mm  mm  mm kg/m 
300 x 75 x 3.0 LSB 25.0 14.4 
300 x 75 x 2.5 LSB 25.0 12.1 
300 x 60 x 2.0 LSB 20.0 8.71 
250 x 75 x 3.0 LSB 25.0 13.3 
250 x 75 x 2.5 LSB 25.0 11.2 
250 x 60 x 2.0 LSB 20.0 7.93 
200 x 60 x 2.5 LSB 20.0 8.81 
200 x 60 x 2.0 LSB 20.0 7.14 
200 x 45 x 1.6 LSB 15.0 4.90 
150 x 45 x 2.0 LSB 15.0 5.26 
150 x 45 x 1.6 LSB 15.0 4.27 
125 x 45 x 2.0 LSB 15.0 4.87 
125 x 45 x 1.6 LSB 15.0 3.95 
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Web Flange Overall 
300x75x3.0 LSB NC C NC 
300x75x2.5 LSB S NC S 
300x60x2.0 LSB S NC S 
250x75x3.0 LSB NC C NC 
250x75x2.5 LSB NC NC NC 
250x60x2.0 LSB S NC S 
200x60x2.5 LSB C C C 
200x60x2.0 LSB NC NC NC 
200x45x1.6 LSB S NC S 
150x45x2.0 LSB C C C 
150x45x1.6 LSB NC NC NC 
125x45x2.0 LSB C C C 
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Table 3: Measured Dimensions and Section Properties of LSBs  
Used in Test Series 1 
LSB Section 









(103mm3)tof tif tw 
300x75x3.0 LSB 3.18 3.18 2.84 300 75.31 25.17 173.90 203.19 
300x75x2.5 LSB 2.87 2.87 2.51 300 75.24 25.05 157.90 182.39 
300x60x2.0 LSB 2.15 2.15 1.98 300 60.28 19.97 104.00 122.95 
250x75x3.0 LSB 3.08 3.08 2.77 250 76.35 25.22 132.80 154.99 
250x75x2.5 LSB 2.79 2.79 2.48 250 75.98 24.92 120.90 139.83 
250x60x2.0 LSB 2.09 2.09 1.96 250 60.47 20.12 79.12 93.53 
200x60x2.5 LSB 2.58 2.58 2.34 200 60.23 19.95 70.34 82.43 
200x60x2.0 LSB 2.03 2.03 1.85 200 60.15 20.31 56.17 65.71 
200x45x1.6 LSB 1.56 1.56 1.48 200 45.05 14.98 36.14 43.04 
150x45x2.0 LSB 2.11 2.11 1.89 150 44.95 14.73 32.01 37.39 
150x45x1.6 LSB 1.60 1.60 1.60 150 45.12 14.89 25.12 30.34 
125x45x2.0 LSB 1.98 1.98 1.98 125 45.1 14.93 23.73 28.92 
125x45x1.6 LSB 1.62 1.62 1.62 125 45.07 14.95 19.71 23.91 
Note: tof – outer flange thickness, tif – inner flange thickness, tw – web thickness, Z – elastic 
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Table 4: Measured Dimensions and Section Properties of LSBs  
Used in Test Series 2 
 
LSB Section 









(103 mm3)tof tif tw 
300x75x3.0 LSB 3.22 3.13 3.09 299.0 74.6 24.8 174.7 209.60 
300x60x2.0 LSB 2.22 2.02 1.98 300.1 60.0 19.8 102.8 123.11 
250x75x2.5 LSB 2.90 2.60 2.54 251.1 75.0 25.5 120.1 141.87 
250x60x2.0 LSB 2.18 2.02 1.95 250.1 60.4 20.4 80.12 94.68 
200x45x1.6 LSB 1.79 1.66 1.61 200.0 45.5 15.2 40.15 47.87 
150x45x2.0 LSB 2.22 2.02 1.97 150.1 45.4 14.8 32.75 38.92 
150x45x1.6 LSB 1.77 1.63 1.58 150.1 45.2 14.8 26.71 31.49 
Note: tof – outer flange thickness, tif – inner flange thickness, tw – web thickness, Z – elastic 
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Table 5: Mechanical Properties of Steels Used in LSBs (MPa) 
LSB Section Location 
Test Series 1 Test Series 2 
fy fu fy fu 
300 x 75 x 3.0 
LSB 
Outside Flange 528 566 497.8 568.4 
Inside Flange 438 507 481.5 537.4 
Web 431 503 440.1 519.0 
300 x 75 x 2.5 
LSB 
Outside Flange 511 575 - - 
Inside Flange 457 535 - - 
Web 434 514 - - 
300 x 60 x 2.0 
LSB 
Outside Flange 568 635 557.7 592.9 
Inside Flange 492 557 496.3 534.2 
Web 452 537 447.1 524.2 
250 x 75 x 3.0 
LSB 
Outside Flange 506 571 - - 
Inside Flange 459 526 - - 
Web 406 511 - - 
250 x 75 x 2.5 
LSB 
Outside Flange 525 582 552.2 592.8 
Inside Flange 478 547 502.2 536.4 
Web 420 531 446.0 515.4 
250 x 60 x 2.0 
LSB 
Outside Flange 580 632 523.0 583.7 
Inside Flange 502 561 473.0 530.1 
Web 448 546 429.9 526.0 
200 x 60 x 2.5 
LSB 
Outside Flange 496 548 - - 
Inside Flange 465 526 - - 
Web 388 479 - - 
200 x 60 x 2.0 
LSB 
Outside Flange 473 529 - - 
Inside Flange 439 501 - - 
Web 386 509 - - 
200 x 45 x 1.6 
LSB 
Outside Flange 478 530 536.9 587.1 
Inside Flange 442 506 491.3 542.6 
Web 381 494 456.6 537.2 
150 x 45 x 2.0 
LSB 
Outside Flange 498 547 537.6 582.3 
Inside Flange 451 508 491.8 532.4 
Web 373 507 437.1 516.4 
150 x 45 x 1.6 
LSB 
Outside Flange 540 576 557.8 604.4 
Inside Flange 483 519 487.5 549.2 
Web 430 523 455.1 539.8 
125 x 45 x 2.0 
LSB 
Outside Flange 503 547 544.1 582.2 
Inside Flange 455 508 493.4 539.3 
Web 377 496 444.4 532.3 
125 x 45 x 1.6 
LSB 
Outside Flange 549 578 - - 
Inside Flange 478 520 - - 
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Table 6: Spans of Test Beams Used in Test Series 2  
 





300x75x3.0 LSB 1100 1100 3300 
300x60x2.0 LSB 1100 500 2700 
250x75x2.5 LSB 925 925 2775 
250x60x2.0 LSB 925 600 2450 
200x45x1.6 LSB 750 750 2250 
150x45x2.0 LSB 575 450 1600 
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Table 7: Ultimate Moment Capacities of LSBs Used in Test Series 1  








300x75x3.0 LSB NC 91.82 107.29 1.17 103.90 1.13 
300x75x2.5 LSB S 80.69 93.20 1.16 85.80 1.06 
300x60x2.0 LSB S 59.07 69.83 1.18 52.40 0.89 
250x75x3.0 LSB NC 67.20 78.43 1.17 77.89 1.16 
250x75x2.5 LSB NC 63.47 73.41 1.16 71.49 1.13 
250x60x2.0 LSB S 45.89 54.25 1.18 47.33 1.03 
200x60x2.5 LSB C 34.89 40.89 1.17 52.47 1.50 
200x60x2.0 LSB NC 26.57 31.08 1.17 31.80 1.20 
200x45x1.6 LSB S 17.27 20.57 1.19 17.36 1.01 
150x45x2.0 LSB C 15.94 18.62 1.17 19.63 1.23 
150x45x1.6 LSB NC 13.56 16.38 1.21 14.94 1.10 
125x45x2.0 LSB C 11.94 14.55 1.22 14.38 1.20 
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Table 8: Ultimate Moment Capacities of LSBs Used in Test Series 2 








300x75x3.0 LSB NC 86.97 104.34 1.20 93.00 1.07 
300x60x2.0 LSB S 57.33 68.66 1.20 53.36 0.93 
250x75x2.5 LSB NC 66.32 78.34 1.18 70.68 1.07 
250x60x2.0 LSB S 41.90 49.52 1.18 42.12 1.01 
200x45x1.6 LSB S 21.56 25.70 1.19 20.88 0.97 
150x45x2.0 LSB C 17.61 20.92 1.19 20.20 1.15 
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Table 9: Comparison of Section Moment Capacities from AS/NZS 4600 [7] and Test 
Series 1 






300 x 75 x 3.0 LSB NC 91.82 103.9 1.13 
300 x 75 x 2.5 LSB S 80.69 85.80 1.06 
300 x 60 x 2.0 LSB S 59.07 52.40 0.89 
250 x 75 x 3.0 LSB NC 67.20 77.89 1.16 
250 x 75 x 2.5 LSB NC 63.47 71.49 1.13 
250 x 60 x 2.0 LSB S 45.89 47.33 1.03 
200 x 60 x 2.5 LSB C 34.89 52.47 1.50* 
200 x 60 x 2.0 LSB NC 26.57 31.80 1.20 
200 x 45 x 1.6 LSB S 17.27 17.36 1.01 
150 x 45 x 2.0 LSB C 15.94 19.63 1.23 
150 x 45 x 1.6 LSB NC 13.56 14.94 1.10 
125 x 45 x 2.0 LSB C 11.94 14.38 1.20 
125 x 45 x 1.6 LSB NC 10.82 12.95 1.20 
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300x75x3.0 LSB NC 86.97 93.00 1.07 
300x60x2.0 LSB S 57.33 53.36 0.93 
250x75x2.5 LSB NC 66.32 70.68 1.07 
250x60x2.0 LSB S 41.90 42.12 1.01 
200x45x1.6 LSB S 21.56 20.88 0.97 
150x45x1.6 LSB NC 14.90 16.18 1.09 
150x45x2.0 LSB C 17.61 20.20 1.15 
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AS 4100 Ms 
(kNm) 
Ultimate Moment, 
Mu (kNm) Mu/Ms 
300 x 75 x 3.0 LSB NC 95.90 103.9 1.08 
300 x 75 x 2.5 LSB S 76.98 85.80 1.11 
300 x 60 x 2.0 LSB S 52.29 52.40 1.00 
250 x 75 x 3.0 LSB NC 75.25 77.89 1.04 
250 x 75 x 2.5 LSB NC 66.22 71.49 1.08 
250 x 60 x 2.0 LSB S 43.37 47.33 1.09 
200 x 60 x 2.5 LSB C 40.89 52.47 1.28 
200 x 60 x 2.0 LSB NC 27.58 31.80 1.15 
200 x 45 x 1.6 LSB S 16.42 17.36 1.06 
150 x 45 x 2.0 LSB C 18.62 19.63 1.05 
150 x 45 x 1.6 LSB NC 14.76 14.94 1.01 
125 x 45 x 2.0 LSB C 14.55 14.38 0.99 
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Mu (kNm) Mu/Ms 
300x75x3.0 LSB NC 93.48 93.00 0.99 
300x60x2.0 LSB S 51.45 53.36 1.04 
250x75x2.5 LSB NC 69.98 70.68 1.01 
250x60x2.0 LSB S 39.91 42.12 1.06 
200x45x1.6 LSB S 20.60 20.88 1.01 
150x45x2.0 LSB C 20.92 20.20 0.97 
150x45x1.6 LSB NC 16.31 16.18 0.99 
 
 
